Three different culturing techniques were compared and evaluated to determine the most effective method for isolating Brucella abortus from bovine supramammary lymph nodes (SM's). In method I, the SM was sliced in half, and the inner surface was minced finely with a sterile scalpel. The minced surface was spread onto the agar surface of 4 selective media. In method II, the SM was cut into small pieces and placed in a bag with a volume of phosphate-buffered saline equal to the volume of the lymph node. The bag was placed in a laboratory blender and the SM was macerated for 5 min. The tissue suspension was spread with a sterile cotton swab onto the agar surface of 4 selective media. In method III, the SM was processed in the laboratory blender. One milliliter of the suspension was pipetted into a flask of biphasic medium, and 2 ml of the suspension was pipetted into another flask of biphasic medium. A total of 626 SM's from 285 cows were cultured. Brucella abortus was isolated from 149 (52.3%) cows by 1 or more methods. Brucella abortus was isolated from 136 cows by method I, 137 cows by method II, and 86 cows by method III. Nine (3.2%) cows were positive by method I only, 11 (3.9%) cows by method II only, and 2 (0.7%) cows by method III only. The isolation rate for method III was significantly lower than for method I or II. There was no significant difference between methods I and II.
The isolation of Brucella abortus from a cow with a positive Brucella serum titer is important for the confirmation of brucellosis and for herd management. Various methods of processing and culturing tissue samples have been developed over the last 50 years. The use of guinea pigs was the original method of choice. 1, 8 Later, a method of slicing and mincing the tissue with a sterile scalpel was described. 12 Tissue grinders and electric blenders have also been used. 1 The macerated tissue was then spread onto agar plates or injected into guinea pigs. The successful use of a laboratory blender to macerate tissue for inoculation onto various selective media has been reported. 7 Centrifugation of the macerated tissue from a laboratory blender has been reported to improve the isolation rate of B. abortus. 9 Others reported that following maceration of the tissue in a laboratory blender, the isolation rate increased if the suspension was pipetted into a flask of biphasic medium. 3 As the prevalence of brucellosis decreases in the United States, it is becoming more important to use the most effective method for isolating B. abortus from bovine tissue. The purpose of this study was to com- 
Materials and methods
Specimens. Six hundred twenty-six SM's from 285 cows with serum titers to brucellosis were processed. The cows were from herds that had a known Brucella infection. The SM's were stored frozen at -20 C. The fat was removed from each SM with flame-sterilized forceps and scissors. The cleaned SM was dipped into 95% ethanol, and the ethanol was allowed to burn off. Each SM was visually divided into 2 equal parts; 1 part was processed by method I, and the other part was processed by methods II and III.
Method I. The SM was sliced in half exposing the inner surface, which was minced for 2 to 3 min with a sterile scalpel. 12 The minced tissue was spread over the entire agar surface of the following selective media: tryptose agar with 5% bovine serum and antibiotics; tryptose agar with 5% bovine serum, antibiotics, and ethyl violet; Farrell's medium; and Ewalt's medium. 1, 4, 5 Method II. The SM plus an equal volume of isotonic phosphate-buffered saline (pH 6.3) was macerated in a laboratory blender a for 5 min. 7 The macerated tissue suspension was spread with a sterile cotton swab over the entire surface of 4 agar plates of selective media.
Method III. The SM was processed in the same manner as for method II. One milliliter of the macerated tissue suspension was pipetted into a flask containing biphasic medium and 2 ml was placed into another flask of biphasic medium. 3 The biphasic medium contained a solid phase of Farrell's Ewalt medium (8 ml) and a liquid phase of Brodie-Sinton's broth (9 ml) .
Incubation and biotyping procedures. The inoculated media from all 3 methods were incubated at 37 C in 10% CO,. The media were observed at 5, 7, 14, 21, and 28 days for growth. If no growth occurred on the solid phase of the biphasic medium in method III, the flask was tipped, allowing the liquid phase to reinoculate the solid phase. The Brucellalike isolates were identified by recommended procedures. l Statistical analysis. Cochran's Q-test for correlated proportions was used to evaluate the data.
Results
Brucella abortus colonies were first observed as early as 5 days and as late as 28 days. The majority of isolations were made by day 7. Brucella abortus was isolated from 149 (52.3%) cows by 1 or more methods. The results of the 3 methods are given in Table 1 . Brucella abortus was isolated from 136 cows by method I, from 137 cows by method II, and from 86 cows by method III. The results of the various isolation patterns for the 3 methods are in Table 2 . Brucella abortus was isolated from 9 cows by method I only, 11 cows by method II only, and 2 cows by method III only. For method III, 1 cow was positive after 14 days incubation and the other was positive after 28 days incubation. Contamination was not a problem for the isolation of B. abortus from these 2 cows. There was no significant difference between the isolation rates for methods I and II (P > 0.50). Method III had significantly fewer isolations than both methods I and II (P < 0.01). Brucella abortus biovar 1 was isolated from 139 cows, B. abortus biovar 2 from 3 cows, B. abortus biovar 4 from 3 cows, and B. abortus strain 19 from 3 cows. One cow had a dual infection of B. abortus biovars 1 and 2.
Contamination occasionally causes problems in isolating B. abortus from bovine tissue. Samples were classified as contaminated if at least 3 plates of the selective media for methods I and II were overgrown with non-Brucella organisms at 7 days or less. In method III, samples were classified as contaminated when both flasks were overgrown in 7 days or less. The growth of contaminants on the media was a problem for 85 (29.8%) cows by method I, 70 (24.6%) cows by method II, and 106 (37.2%) cows by method III. All methods differed significantly from each other in the proportion of contaminated samples (P < 0.01). Ninety-eight SM's from 50 cows were thawed when received in the laboratory, and 63 of these were contaminated.
Results on 11 cows, in which B. abortus was isolated only by method I or by method II and contamination was not a problem, are shown in Table 3 . Three cows were positive by method I. Eight cows were positive by method II, and single colonies were isolated from 2. Nine other cows were positive by only 1 method but contamination was a problem. Of these 9, 6 cows were positive by method I and 3 were positive by method II.
Discussion
The isolation of B. abortus from tissue and milk is vital in the confirmation of Brucella infection and the epidemiological evaluation of the herd. Numerous methods have been developed for use in the isolation of B. abortus from tissue specimens. 3, [7] [8] [9] 12 The 3 isolation methods compared in this study were simple to perform and did not require excessive time to complete.
The isolation results using the 3 methods showed that methods I and II are equal in their isolation rates, whereas method III had a lower isolation rate. This finding disagrees with the results reported by others who compared the biphasic medium with 1 or 2 plates of solid agar. 3, 10 In the present study, the biphasic medium was compared to 4 plates of media for methods I and II. The isolation rates for method I and method II were increased when 4 plates of media were used.
Contamination proved to be a major factor in the rate of isolation of B. abortus. Statistical analysis showed that contamination was a problem for methods III, I, and II, respectively. Contamination was more of a problem in method III and decreased the isolation rate. The difference between the isolation rates for method III and methods I and II was probably caused by the increased number of flasks with uncontrolled contamination for method III. The liquid phase would become overgrown first in method III, and then the contaminants would spread onto the solid phase. Although the broth medium increased the number of colony-forming units of B. abortus and improved isolation rates, it did not effectively inhibit the growth of contaminants. Although a B. abortus biovar 1 and a B. abortus biovar 4 were isolated only by method III from 2 noncontaminated specimens, the incubation times were longer. The use of several different selective media is recommended since the condition of the specimen is not always known and different media control contamination with varying degrees of effectiveness. 2,6,1l Since there was no statistical difference between methods I and II, either could be used for processing tissue. Method I requires very little equipment and is a good method for laboratories with limited financial resources. The tissue must be minced finely because B. abortus cells may be in very low numbers or may be localized in the lymph node.
Method II also is a good method but requires more expensive equipment. When contamination was not a problem, the isolation rate for method II was slightly higher than for method I, although this difference was not significant (Table 3) .
Although this study indicates method II is slightly better than method I, each diagnostic laboratory should evaluate its financial resources before choosing between method I and method II. Both methods have a 40-50% isolation rate. If a laboratory is using method II, which macerates tissue, method III can easily be added as an additional procedure. Whichever method a laboratory uses to culture B. abortus, the tissue must be thoroughly minced or macerated. A minimum of 4 agar plates, which includes several types of selective media, should be inoculated.
